Background. Dietary and lifestyle variations may be too small to detect possible associations with bone mineral density (BMD) within a community. Pooled data from communities with different diets and lifestyle but of the same ethnicity may help explore these associations.
Introduction
Lifestyle affects bone mineral density (BMD) and constitutes a potentially modifiable risk factor for osteoporosis. Studies have documented relationships between BMD and nutrition [1] , physical activity [2] , and smoking [3] . Among nutrients, although the role of calcium intake has been examined extensively [4] , there have been fewer studies on the association with other macronutrients, minerals, and vitamins and the comparative importance of the effect of different nutrients on BMD. A wide range of nutrients have been shown to affect bone metabolism [5] , and recent studies have emphasized the role of fruit and vegetable consumption [6] , net acid excretion [7] , antioxidant vitamins [8] , and vitamin K [9] . There have been few studies on Chinese populations, which have different dietary patterns as compared to the Western populations.
Recent studies have shown associations of BMD with fruit and vegetable intake among postmenopausal Chinese women in Hong Kong [10] and with fruit and seafood intake among men and women aged 25 to 64 years in Anhui Province, China [11] . Furthermore, dietary associations with BMD may vary in different age groups [12] . Within a community, dietary variations may not be large enough to enable detection of possible associations with BMD. This study examines dietary and other lifestyle factors in two communities, Hong Kong and Beijing, with different dietary habits Ruth Chan, Jean Woo, Winny Lau, Jason Leung, Ling Xu, Xihe Zhao, Wei Yu, Edith Lau, and Nicholas Pocock and lifestyle but with the same ethnicity, in a cohort of women aged 20 to 35 years. It was expected that the increased variation in diet and other lifestyle factors resulting from pooling data from the two communities could enable us to detect whether any factor was independently associated with BMD.
Methods

Subjects
The subjects were 221 women from Hong Kong SAR and 220 women from Beijing, China, who participated in a 2-year longitudinal study evaluating the effect of milk supplementation on bone health in young Chinese women. All subjects were measured at baseline and followed up at 3, 6, 12, 18, and 24 months. Details of this longitudinal study have been previously described [13] . Only baseline data are presented in this paper. In brief, women aged 20 to 35 years were invited to participate in the study by means of posters in public places and internet mass mailing. An initial interview was carried out to screen out those with a medical history of metabolic bone, liver, endocrine, connective tissue, or respiratory diseases, cancer, or previous operations; those taking medications associated with these diseases; those with amenorrhea or early menopause; and those with a current pregnancy or with the intention to become pregnant during the trial or those currently lactating. Written consent was obtained from all subjects. The study was approved by the Ethics Committee of the Chinese University of Hong Kong and the Peking Union Medical College Hospital Ethics Committee, Beijing.
Questionnaires and measurements
A questionnaire concerning information on demographic features, general health status, reproductive history, use of oral contraceptives, dietary intake, and physical activity was administered. Dietary data were collected by using a 5-day food record. The subjects were asked to fill out the food record prior to their visits. During the visits, a nutritionist reviewed and clarified any uncertain food items with actual-size food models and food pictures. The food diaries were analyzed with the use of Food Processor software, version 8.0, by ESHA Research (Salem, Oregon, USA). Local and Chinese foods were added into the database based on manufacturers' data and the China food composition tables of the Institute of Nutrition and Food Hygiene of Chinese Academy of Preventive Medicine and the Institute of Nutrition and Food Safety of China CDC [14, 15] .
For estimation of dietary intakes of phylloquinone, we added to our database the food phylloquinone contents from the UK database that included both previously published [16] and unpublished (MJ Shearer and C Bolton-Smith) values. To calculate phylloquinone intakes from cooking oil, we made the assumption that the oil was a blend containing equal amounts of corn, rapeseed, palm, and soy oils. The phylloquinone content of this vegetable oil blend was estimated at 63.6 µg/100 g. In Hong Kong, 100 g of oil was estimated to contain 54.2 µg of phylloquinone, based on a survey of the pattern of cooking oil use in restaurants; in Beijing, 100 g of oil was estimated to contain 59.7 µg of phylloquinone, based on a survey of cooking oil sold in the markets.
On the basis of a previous study reporting that walking accounted for about 80% of physical activity in young women aged 21 to 40 years in Hong Kong, and that younger women aged 21 to 30 years spent more time playing ball games whereas older women (31 to 40 years) were more likely to practice Chinese traditional exercises such as Taichi [17] , physical activity in the present study was estimated from an adapted version of the PASE (Physical Activity Scale for the Elderly) [18] with alteration in the types of examples in the categories of activity intensity. A wide range of physical activity was covered by the PASE, including sedentary activities, housework, all forms of walking, sports, and recreational activities of light, moderate, and heavy levels. A PASE score was generated, and levels of physical activity were compared among subjects. Height and weight were measured with the subjects wearing light indoor clothing without shoes, and the body mass index was calculated by dividing the weight in kilograms by the square of the height in meters.
In Hong Kong, BMD of total hip, femoral neck, and total spine was measured by dual-energy x-ray absorptiometry (DXA) with a Hologic Delphi A machine. The software used was Hologic Delphi (version 11.2). Daily quality controls of the spine and hip phantom were performed. All of the scans were done in "Fast Array" mode. In Beijing, the machine used was a GE-Lunar Prodigy. All the scans were sent to a third party for analysis. The intrasubject coefficient of variation for BMD measurements varied from 0.58% to 0.98% among sites.
To make the BMD results from the Hologic and the Lunar machines comparable, standardization formulas were used. Those formulas were adopted from previous studies [19] [20] [21] . In these studies, bone measurements at each specific site by different DXA machines were collected from a group of subjects. Scan results from the different DXA machines were compared for these subjects. Linear regression analyses were then applied to derive standardization formulas for each specific site. Based on previous studies, the following formulas were used to transform Beijing data (using the Lunar model) diets and lifestyles but are of the same ethnicity, could therefore result in greater variation in diet and other lifestyle factors, which could allow detection of possible associations with BMD. Differences in diets and lifestyle between Hong Kong and Beijing subjects were first confirmed by the use of the independent t-test and the chi-square test. Analysis of covariance (ANCOVA) was used to examine the effect of demographic and lifestyle factors on BMD at different sites after adjusting for age and body mass index. Significant differences in diet and other lifestyle factors were detected between Hong Kong and Beijing subjects (tables 1 and 2). Therefore, data from the two communities were pooled for subsequent partial Pearson correlation and regression analysis. Partial Pearson correlation was used to examine the effect of physical activity and various nutrient intakes on BMD after controlling for age and body mass index. Those lifestyle and dietary variables that were significant by ANCOVA and partial Pearson correlation were entered into multivariate stepwise regression analysis. Multivariate stepwise regression analysis was applied to examine the contribution of different anthropometric, demographic, lifestyle, and dietary factors to the variance in BMD at different sites (dependent variable). Two-sided significant differences were set at p < .05. Table 1 summarizes the characteristics and data on BMD of subjects in the two communities. Beijing subjects were significantly larger in body size, were older at menarche, and had higher BMD at different measured sites. More Hong Kong subjects were former or current smokers or had used alcohol in the previous 12 months as compared with the Beijing group. Dietary nutrient intakes were compared between Hong Kong and Beijing subjects (table 2). In spite of the larger body size of the Beijing subjects, no significant difference in daily energy intake was observed between the two communities. However, Hong Kong subjects had significantly higher daily intakes of protein, fat, dietary fiber, vitamin A, vitamin B, vitamin C, vitamin D, potassium, sodium, and selenium than Beijing subjects. Data from the two communities were pooled for analyses to provide a greater variation in diet and other lifestyle factors to enable detection of the possible association with BMD. Table 3 summarizes the effects of demographic and lifestyle factors on BMD at different sites after adjustment for age and body mass index. Marital status, educational level, smoking status, alcohol use, and use of oral contraceptives did not have significant effects on BMD at any site. Partial Pearson correlation analysis suggested that the PASE score did not have a significant effect on BMD at any site after adjustment for age and body mass index (table 4). Intakes of most nutrients were significantly correlated with BMD at total hip and total spine after controlling for age and body mass index, whereas none of the nutrients were associated with femoral neck BMD.
Results
The multivariate results (table 5) showed that body mass index was the most important determinant of BMD at all measured sites, as shown by the largest partial R 2 values in all models. Increased body mass index was associated with higher BMD at all measured sites. Age did not have a significant effect on BMD at total hip and spine, whereas advancing age was negatively associated with femoral neck BMD. Use of oral contraceptives was positively associated with femoral neck BMD. The effect of nutrients on BMD was minimal. Dietary carbohydrate intake was positively associated with total hip BMD, whereas fiber intake was negatively associated with BMD at total hip and spine. Vitamin E intake was positively associated with total spine BMD.
Discussion and conclusions
Our findings suggested that there were great differences in lifestyle and dietary intake between the Hong Kong and Beijing communities. Pooled data from the two communities provided a greater variation in diet and other lifestyle factors to enable detection of possible associations with BMD. Regression analysis from the pooled data showed that body mass index was the most important determinant affecting BMD of young Chinese women. Use of oral contraceptives and dietary intake of carbohydrates, fiber, and vitamin E were also associated with BMD, but the effect was less pronounced. The effect of body size on BMD has been extensively studied. Walker and colleagues found that weight was the strongest predictor of BMD at the lumbar spine, total hip, and femoral neck among premenopausal Chinese-American women [22] . In one study examining clinical determinants of peak bone mass in 418 southern Chinese women aged 20 to 39 years, low body weight (less than 44 kg) was associated with an 8.3-fold and a 6.8-fold risk of having low areal BMD at the spine and hip, respectively [23] . Babaroutsi and coauthors, based on their study results, also concluded that weight or body mass index was among the most important predictors of heel BMD in healthy Greek women [24] .
Our study aimed to examine the effect of lifestyle and dietary factors on BMD of young Chinese women. The results showed that alcohol and tobacco use were not independent predictors of BMD in our subjects. This finding was similar to those reported in previous studies [25, 26] , and the nonsignificant association may be due to the low use of these substances by subjects in the present study. Previous studies have shown that physical activity is important for bone health [23, 24] . However, we failed to demonstrate a beneficial effect of physical activity on BMD. The result was consistent with those reported by Walker et al. [22] and Zhang et al. [27] , but different from observations by Fukuharu et al. [26] . The use of oral contraceptives seems to be a protective factor for BMD according to our findings.
Studies of postmenopausal women have demonstrated significant loss of BMD when estrogen levels are low, and previous use of oral contraceptives may preserve BMD [28] [29] [30] . However, studies in women who have not yet attained peak bone mass show that use of oral contraceptives may be associated with lower bone mass [31, 32] , although other investigations show no effect [33, 34] . Our results showed that the percentage of energy from carbohydrates and the dietary intakes of fiber and vitamin E were associated with BMD, whereas no effect on BMD was observed for dietary calcium intake. Results on the effect of dietary calcium intake on bone health are conflicting. Some studies showed that BMD was not influenced by dietary calcium intake among young women [23] , whereas others showed that increased calcium intake could result in higher BMD [35, 36] . The positive association between carbohydrate intake and total hip BMD observed in this study was unexpected. This finding is opposite to the findings of previous studies, in which the absolute intake of carbohydrates was negatively correlated with calcaneal ultrasound attenuation and quantitative ultrasound index in children [37] and various quantitative ultrasound parameters in Greek women [24] . Indeed, there has been limited evidence to document the effect of carbohydrate intake on bone mass. However, it was suggested that some indigestible carbohydrates, such as inulin and oligofructose, might increase the availability of minerals from foods and thus could be beneficial to bone mass [35] .
In this study, dietary vitamin E intake was positively associated with total spine BMD, suggesting that increasing vitamin E intake had a beneficial effect on total spine BMD. Vitamin E has been shown to protect against cellular lipid peroxidation in cartilage and bone cells [38] . A positive association between oxidative stress and bone health has been documented [39] , and the role of antioxidants, including β-carotene, vitamins C and E, and selenium, in bone health has been previously studied. However, the results remain controversial and vary with the antioxidants studied. Zhang et al. found that higher intakes of antioxidants, including β-carotene, vitamin E, and selenium, were associated with reduced risk of osteoporotic hip fracture in elderly men and women and that the effect was strongly modified by smoking status [3] . Results from Melhus and coworkers, on the contrary, suggested that higher intakes of vitamin C and E, but not of selenium or β-carotene, were associated with lower risk of hip fracture in women aged 40 to 76 years. Again, the protective effect of vitamins C and E was more pronounced in current smokers than in former smokers [40] .
There are limitations to this study. BMD was measured using different models of bone densitometer: Hologic in Hong Kong and Lunar in Beijing. However, a conversion between the results from the two models was made, and the quality control of BMD measurements was performed by an independent party in Australia. Second, the study design was cross-sectional, and therefore only an association rather than a causal relationship between potential factors and bone mass can be shown.
In conclusion, there were great differences in lifestyle, diet, and BMD between young women from Hong Kong and Beijing. The great variation in diet and other lifestyle factors enabled the detection of possible associations with BMD in young Chinese women. Body mass index was the most important determinant of BMD in young Chinese women, whereas age, use of contraceptives, and diet had less pronounced effects on BMD. Younger women and those using oral contraceptives had higher BMD. A higher proportion of energy contributed from carbohydrates, lower fiber intake, and higher vitamin E intake were associated with higher BMD. 
